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METHOD FOR MANUFACTURING NITRIDE
SEMICONDUCTOR TEMPLATE

TECHNICAL FIELD

The present invention relates to a method for manufac-
turing a nitride semiconductor template.

DESCRIPTION OF RELATED ART

For example, a nitride semiconductor light-emitting ele-
ment such as a light-emitting diode (LED) (heremafter also
simply referred to as a “light-emitting element™) 1s consti-
tuted by forming a light-emitting structure on a nitride
semiconductor template. An n-type semiconductor layer
composed of for example galllum nitride (GaN), etc., a
light-emitting layer, and a p-type semiconductor layer are
grown and formed on the mitride semiconductor template 1n
this order as the light-emitting structure. The nitride semi-
conductor template 1s formed by, for example growing a
bufler layer and a nitride semiconductor layer 1n this order
on a sapphire substrate. In such a light-emitting element, an
important subject 1s how efliciently a light generated 1n the
light-emitting layer can be extracted. Namely, it 1s important
to 1mprove a light extraction efliciency (light emission
output) of the light-emitting element.

Therefore, 1n order to improve the light extraction efli-
ciency of the light-emitting element, a PSS substrate (Pat-
terned Sapphire Substrate) which 1s subjected to uneven
processing for forming conical or polygonal conical projec-
tions on an upper surface of a substrate 1s proposed (for
example see patent document 1). Then, the bufler layer
having a predetermined thickness 1s grown and formed on
the PSS substrate, and the nitride semiconductor layer such
as a GaNlN layer 1s grown and formed on the butler layer until
the surface becomes flat, to thereby form the nitride semi-
conductor template. The light-emitting element formed by
growing the light-emitting layer, etc., on the nitride semi-
conductor template using the PSS substrate subjected to
such uneven processing, can reduce a confinement of light
inside of the light-emitting element, and improve the light
extraction efliciency of the light-emitting element.

Further, when the PSS substrate subjected to such uneven
processing 1s used as the substrate of the nitride semicon-
ductor template, by promoting an island-like growth of the

nitride semiconductor layer at an 1nitial stage of a growth of
the nitride semiconductor layer when the nitride semicon-
ductor layer such as GaN layer 1s grown on the substrate, an
association of dislocations 1n a crystal of the nitride semi-
conductor layer can be increased, and disappearance of the
dislocations can be increased. Therefore, as compared with
a case of using a flat sapphire substrate (hereinaiter also
referred to as a flat substrate) which 1s not subjected to
uneven processing, the nitride semiconductor layer with less
dislocations in the crystal can be formed. Namely, when the
sapphire substrate subjected to uneven processing 1s used,
crystallinity of the nitride semiconductor layer can be
improved.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Patent Publication Laid Open
Publication No. 2002-280611
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2
SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

However, when the sapphire substrate subjected to
uneven processing 1s used as the substrate of the nitride
semiconductor template, surface pits which may obstruct
device operation are likely to occur as compared with a case
of using the flat substrate.

Namely, a curvature radius of the projection near the peak
of, for example the conical projection of the sapphire
substrate 1s smaller than the other portions. Therefore, a
large number of atomic steps exist on the peak or near the
peak of the projection. When the thickness of the bufler layer
1s thin, a large number of atomic steps remain 1n the bufler
layer on the peak or near the peak of the projection.
Theretore, planes (growth planes) inclined at various angles
appear 1n the nitride semiconductor layer grown on the
bufler layer on the peak or near the peak of the projection.
In this growth plane, growth planes that are likely to
generate N polarity inverted domain (ID: Inversion Domain)
in which polarity 1s reversed, are also included. Accordingly,
ID 1s generated 1n the nitride semiconductor layer grown on
the bufler layer on the peak or near the peak of the
projection. When ID 1s generated in the nitride semiconduc-
tor layer, surface pits occur on the surface of the nitride
semiconductor layer, that 1s, on the surface of the nitride
semiconductor template, because the growth rate of the ID
of the N polarity 1s slower than the growth rate of the nitride
semiconductor layer of a group III polanty (such as Ga
polarity) free from ID.

Therefore, 1n order to solve the abovementioned problem,
an object of the present invention to provide a method for
manufacturing a nitride semiconductor template capable of
suppressing occurrence ol surface pits.

Means for Solving the Problem

In order to solve the abovementioned problem, the present
invention 1s constituted as follows.

According to a first aspect of the present mnvention, there
1s provided a method for manufacturing a nitride semicon-
ductor template, including the steps of:

growing and forming a buller layer to be thicker than a
peak width of a projection and in a thickness of not less than
11 nm and not more than 400 nm on a sapphire substrate
formed by arranging conical or pyramidal projections on 1ts
surface 1 a lattice pattern; and growing and forming a
nitride semiconductor layer on the bufler layer.

According to a second aspect of the present invention,
there 1s provided the method for manufacturing a nitride
semiconductor template of the first aspect, wherein 1n the
step of growing and forming the bufler layer, a GaN layer or
an AIN layer 1s grown as the bufler layer at a temperature of
600° C. or less.

According to a third aspect of the present invention, there
1s provided the method for manufacturing a nitride semi-
conductor template of the first aspect, wherein 1n the step of
growing and forming the bufler layer, an AIN layer 1s grown
as the bufler layer at a temperature of 1000° C. or more.

According to a fourth aspect of the present invention,
there 1s provided the method for manufacturing a nitride
semiconductor template of any one of the first to third
aspects, wherein in the step of growing and forming the
nitride semiconductor layer, any one of a GaN layer, an
AlGaN layer, and an InAlGaN layer 1s grown as the nitride
semiconductor layer.
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According to a fifth aspect of the present mnvention, there
1s provided the method for manufacturing a nitride semi-
conductor template of any one of the first to fourth aspects,

wherein the builer layer and the mitride semiconductor layer
are grown by a HVPE method or a MOVPE method.

Advantage of the Invention

According to the method for manufacturing a mtride
semiconductor template of the present invention, occurrence
of the surface pits can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view of a nitride
semiconductor template according to an embodiment of the
present mvention.

FIG. 2 1s a schematic view showing a method for calcu-
lating a peak width of a projection formed on a sapphire
substrate according to an embodiment of the present inven-
tion.

FIG. 3 1s a schematic view showing a state ol measuring,
a shape of the projection formed on the sapphire substrate by
AFM measurement according to an embodiment of the
present invention.

FIG. 4 1s a schematic configuration view of a hydride
vapor phase epitaxy device suitably used in an embodiment
of the present invention.

FIG. 5 1s a schematic cross-sectional view of a light-
emitting element according to an embodiment of the present
invention.

FIG. 6 1s a schematic view showing a conventional
method for measuring the shape of the projection by AFM
measurement.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Hereinafter, a nitride semiconductor template and a semi-
conductor light-emitting element (semiconductor light-emiat-
ting device) using the nitride semiconductor template
according to an embodiment of the present invention will be
described.

(1) Nitride Semiconductor Template

First, the nitride semiconductor template according to this
embodiment will be described mainly with reference to
FIGS. 1 and 2.

As shown 1n FIG. 1, a nitride semiconductor template 10
according to this embodiment 1s formed by growing a buller
layer 12 and a nitride semiconductor layer 13 1n this order
on a sapphire substrate 11.

As shown 1 FIG. 1 and FIG. 2, the sapphire substrate 11
has conical or pyramidal (triangular pyramidal, quadrangu-
lar pyramidal, hexagonal pyramidal, etc.,) projections 14
formed on its surface (main surface) 11a which 1s a growth
plane for growing a nitride semiconductor thereon. The
projections 14 are formed 1n a grid pattern (triangular lattice
pattern, square lattice pattern, etc.) on the surface 11a of the
sapphire substrate 11. The surface 11la of the sapphire
substrate 11 1s preferably a C-plane. For example, the
projections 14 are formed on the surface of a flat sapphire

substrate by photolithography and dry-etching.

As shown 1 FIG. 2, height h of each projection 14 from
the surface 11a to the peak of the projection 14 is preferably
set to not less than 0.3 ym and not more than 3 um, width
D of the bottom portion of the projection 14 1s preferably set
to not less than 0.3 um and not more than 4 um, distance S
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4

between the bottom portions of the adjacent projections 14
1s preferably set to not less than 0.1 um and not more than
2 um and pitch P between adjacent projections 14, 14 1is
preferably set to not less than 0.4 um and not more than 6
um. Further, peak width w of the conical or pyramidal
projection 14 is preferably set to not less than 0.01 um and
not more than 0.4 um.

A commercially available PSS substrate (Patterned Sap-
phire Substrate) may be used as the sapphire substrate 11 on
which the projections 14 are formed. Further, the sapphire
substrate 11 may be a circular substrate having substantially
a circular shape when viewed from the top, a rectangular
substrate, or the like.

By using the sapphire substrate 11 on which the conical or
pyramidal projections 14 are formed 1n a lattice pattern as
described above, an 1sland-like growth of the nitride semi-
conductor layer 13 can be promoted when the nitride semi-
conductor layer 13 1s grown on the sapphire substrate 11,
disappearance due to the association of dislocations in the
crystal of the nitrnde semiconductor layer 13 can be
increased, and a dislocation of the nitride semiconductor
layer 13 can be reduced. Further, when a light-emitting
clement such as a blue light-emitting diode (blue LED) 1s
formed using the nitride semiconductor template 10, the
light extraction efliciency of the light-emitting element can
be 1mproved.

For example, a gallium nitride (GalN) layer, an aluminum
nitride (AIN) layer or the like 1s grown and formed at a low
growth temperature of 600° C. or less, as the bufler layer 12
on the sapphire substrate 11 on which the projections 14 are
formed. Further, the bufler layer 12 may be an AIN layer,
etc., grown at a high growth temperature of, for example
1000° C. or more.

The bufler layer 12 1s formed to be thicker than the peak
width w of the projection 14 and 1n a thickness of not less
than 11 nm and not more than 400 nm. The peak width w of
the projection 14 1s a length related to, or associated with a
curvature radius of the peak portion of the projection 14, and
defines the shape of the bufler layer 12 gradually growing 1n
the upper part of the peak portion of the projection 14.
Preferably, a thickness of the bufler layer 12 1s set as a
thickness of the builer layer 12 1n the upper part of the peak
portion of the projection 14, or as a thickness of the bufler
layer 12 on the surface 11a of the sapphire substrate 11 on
which the projections 14 are not formed.

When 1t 1s difficult to measure and manage an actual
thickness of the buifler layer 12, that 1s, the thickness at the
abovementioned parts, etc., formation and management of
the thickness of the buller layer 12 may be performed by the
tollowing simple method. Namely, the growth condition (for
example, a predetermined gas supply flow rate and growth
time, etc.) 1s calculated as follows: the thickness of the bufler
layer (hereimnafter also referred to as “a flat bufler layer™)
formed on a flat sapphire substrate (hereinatter also referred
to as “flat substrate”) on which the projections 14 are not
formed, 1s thicker than the peak width w of the projection 14
and 1s not less than 11 nm and not more than 400 nm. Then,
under the same growth condition as this growth condition,
the bufler layer 12 1s grown and formed on the sapphire
substrate 11 on which the projections 14 of this embodiment
are formed. In this case, the growth condition may be
adjusted 1n consideration of a difference 1 a growth rate
between the tlat bufler layer grown on the flat sapphire
substrate and the bufler layer 12 grown on the sapphire
substrate 11 on which the projections 14 are formed.

By setting the thickness of the bufler layer 12 as described
above, occurrence of the surface pits of the nitride semi-
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conductor layer 13 can be suppressed and crystallinity can
be improved. Namely, by setting the thickness of the bufler
layer 12 to be thicker than the peak width w of the projection
14, or by growing and forming the bufler layer 12 under the
growth condition such that the thickness of the flat bufler
layer 1s thicker than the peak width w of the projection 14,
the bufler layer 12 1s formed to be thicker at the peak portion
of the projection 14 than other portions, and i1s formed as a
stable crystal plane free from atomic steps. Namely, the
shape of the bufler layer 12 at the peak portion of the
projection 14 1s a shape such that a tip surrounded by low
index planes has a sharp pointed shape. Accordingly, 1t 1s
possible to suppress the generation of an inversion domain
(ID) mm which the polarity 1s reversed in the nitride semi-
conductor layer 13. As a result, occurrence of the surface
pits, which obstruct a device operation, on the surface of the
nitride semiconductor template 10, that 1s, on the surface of
the nitride semiconductor layer 13, can be suppressed.

When the bufler layer 12 1s formed 1n a thickness of less
than 11 nm, or when the flat bufler layer 1s grown and
formed under the growth condition such that the thickness of
the tlat bufler layer 1s less than 11 nm, coverage of the
surface of the sapphire substrate 11 by the bufler layer 12 1s
lowered, and therefore the eflect of suppressing the occur-
rence of the surface pits cannot be exhibited. On the other
hand, even when the thickness of the bufler layer 12 1s
thicker than the peak width w of the projection 14, a crystal
quality of the bufler layer 12 1itself 1s deteriorated when the
builer layer 12 1s formed 1n a thickness exceeding 400 nm,
or when the flat bufler layer 1s grown and formed under the
growth condition such that the thickness of the flat bufler
layer exceeds 400 nm. Therefore, occurrence of the surface
pits 1n the nitride semiconductor template 10 cannot be
suppressed. Accordingly, the thickness of the bufler layer 12
1s set to be not less than 11 nm and not more than 400 nm.

Here, the peak width w of the projection 14 1s defined as
follows. Namely, as shown 1n FIG. 2, a length of the base
T, T, of atnangle T, T, T, 1s defined as the peak width w of
the projection 14, the triangle T,T,T; being formed by two
tangent lines [, and L, (the tangent lines [, and L, intersect
at a point T;) at a position (h/2) which 1s half of the height
h of the projection 14 on an outline 16 of the measured
projection 14 on the surface of the sapphire substrate 11 (a
contour line of a vertical cross-section including a top point
of the projection 14), and a parallel line L, 1n contact with
top pomnt T, of the outline 16 of the projection 14 and
parallel to the surface 11a of the sapphire substrate 11 on
which the projections 14 are not formed.

As shown 1 FIG. 3, using a sharpened probe 15, the
outline 16 of the projection 14 1s measured by moving the
probe 15 along the projection 14 using an atomic force
microscope (AFM). The shape (outline 16) of the projection
14 1s measured, for example by reading position information
of a tip of the probe 135 at a plurality of locations on one
projection 14 and by plotting each information. For the
measurement of the outline 16 of the projection 14, for
example 1t 1s preferable to use a probe made of silicon or the
like whose tip 1s sharpened by etching so as to have a
curvature radius of about 10 nm, or a probe made of a carbon
nanotube having a diameter of about 1 nm, as the probe 15.
Thereby, even when the curvature radius of the projection 14
(the peak width w of the projection 14) formed on the
sapphire substrate 11 1s small, an outer shape of the peak
portion (tip) of the projection 14 can be precisely measured.

On the other hand, in a conventional AFM measurement
or an SEM (Scanning Flectron Microscope) measurement,
there are cases 1n which detection at nm level 1s sometimes
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6

difficult, so the outer shape of the peak portion of the
projection 14 cannot be precisely measured in some cases.
For example, in AFM measurement, the curvature radius of
the tip of the probe 1s usually several hundred nm 1n many
cases. Theretore, as shown 1n FIG. 6, in the AFM measure-
ment, for example when trying to measure the peak portion
of the projection 14 having the curvature radius of about
several hundred nm or less, an outline 16' reflecting the tip
shape of the probe 15' as 111d1cated vy a dot-and-dash line 1n
FIG. 6 1s observed, which 1s larger than an actual outer shape
of the projection 14 1indicated by a solid line 1n FIG. 6. In the
SEM measurement, 1t 1s originally difhicult to obtain a
cross-section passing through the peak of the projection 14
of the sapphire substrate 11.

As shown i FIG. 1, the nitride semiconductor layer 13
having a predetermined thickness (for example, 4 wm) 1s
grown and formed on the bufler layer 12. Namely, the nitride
semiconductor layer 13 1s grown on the bufler layer 12 until
its surface becomes flat. As the nitride semiconductor layer
13, for example a galllum nitride (GaN) layer, a gallium
aluminum nitride (AlGaN) layer, an indium aluminum gal-
lium nitride (InAlGaNlN) layer, or the like may be grown.

The bufler layer 12 and the nitride semiconductor layer 13
are preferably grown and formed on the sapphire substrate
11 by a vapor phase growth method. As the vapor phase
growth method, for example a hydride vapor phase epitaxy
(HVPE) method and a metal-organic vapor phase epitaxy
(MOVPE) method, can be used. Alternatively, a molecular
beam epitaxy (MBE) method can be used. Particularly, in the
HVPE method, a growth rate for growing a crystal on the
sapphire substrate 11 1s fast, and therefore when the HVPE
method 1s used, the time required for manufacturing the
nitride semiconductor template 10 can be shortened.
Accordingly, a manufacturing cost can be reduced.

Here, a hydride vapor phase epitaxy device (HVPE
device) 30 for growing and forming the builer layer 12 and
the mitride semiconductor layer 13 on the sapphire substrate
11, will be described with reference to FIG. 4. FIG. 4 shows
a schematic configuration view of the HVPE device 30.

As shown 1n FIG. 4, the HVPE device 30 includes a
reaction furnace 31 made of, for example quartz or the like.
A first heater 32 and a second heater 33 for heating an nside
of the reaction furnace 31 are provided on an outer periphery
of the reaction turnace 31. A region inside of the reaction
furnace 31 heated mainly by the first heater 32 functions as
a source section 34 and a region inside of the reaction
furnace 31 heated mainly by the second heater 33 functions
as a growth section 35. The source section 34 1s heated to,
for example 600° C. to 900° C. by the first heater 32 and 1s
a space lfor reacting a reactive gas described later with
gallium (Ga) or aluminum (Al) to generate a source gas.
Further, the growth section 335 i1s heated to, for example
about 500° C. to 1200° C. by the second heater 33, and is a
space for reacting a group III source gas supplied into the
reaction furnace 31 from a first group III source gas supply
pipe 40 or a second group III source gas supply pipe 41
described later, and a group V source gas supplied into the
reaction furnace 31 from a group V source gas supply pipe
39 described later, so that for example a GaN layer 1s grown
on the sapphire substrate 11 as the nitride semiconductor
layer 13. A heating temperature by the second heater 33 i1s
a growth temperature.

A susceptor 36 as a substrate supporting part for support-
ing the sapphire substrate 11 1n the reaction furnace 31 1is
provided 1n the growth section 35 in the reaction furnace 31.
The sapphire substrate 11 1s supported on the susceptor 36
so that a growth plane faces a gas supply port. The susceptor
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36 1s made of for example carbon, and its surface 1s covered
with silicon carbide (Si1C). The susceptor 36 includes a
rotating shaft 37 made of, for example high-purnity quartz.
The sapphire substrate 11 and the susceptor 36 are config-
ured to rotate at a predetermined speed (for example, 3 r/min
to 100 r/min) by rotating the rotating shatt 37.

In the reaction furnace 31, a doping gas supply pipe 38,
the group V source gas supply pipe 39, the first group III
source gas supply pipe 40, and the second group 111 source
gas supply pipe 41 are respectively installed. The doping gas
supply pipe 38, the group V source gas supply pipe 39, the
first group III source gas supply pipe 40, and the second
group III source gas supply pipe 41 are respectively made of,
for example high-purity quartz, and are provided with valves
(not shown) for supplying and stopping a gas to the reaction
furnace 31 respectively.

A doping gas supply source (not shown) 1s connected to
an upstream side of the doping gas supply pipe 38. Dichlo-
rosilane (S1H,Cl,) gas diluted to a predetermined concen-
tration (for example, 100 ppm) with for example nitrogen
(N,) gas, hydrogen (H,) gas, a mixed gas of N, gas and H,
gas, or the like, 1s supplied to the growth section 35 1n the
reaction furnace 31 as a doping gas from the doping gas
supply pipe 38. For example, S1iHCI; gas, SiH,Cl gas, and
S1Cl, gas may be used as the S1 doping source gas, other than
dichlorosilane (S1H,Cl,) gas.

When doping 1s not performed, for example H, gas, N,
gas, or a mixed gas of H, gas and N, gas may be supplied
into the reaction furnace 31 from the doping gas supply pipe
38. Further, for example HCI gas, H, gas, N, gas or the like
may be supplied into the reaction furnace 31 from the doping
gas supply pipe 38 as a cleaning gas for removing deposits
or the like which are adhered to an inside of the reaction
furnace 31 after growing for example the nitride semicon-
ductor layer 13 on the sapphire substrate 11.

A group V source gas supply source (not shown) i1s
connected to an upstream side of the group V source gas
supply pipe 39. For example ammonia (NH,) gas or the like
1s supplied to the growth section 33 1n the reaction furnace
31 as the group V source gas from the V group source gas
supply pipe 39.

For example, H, gas, N, gas, or a mixed gas thereof may
be supplied as a carrier gas from the group V source gas
supply pipe 39 together with the group V source gas. Only
the carrier gas may be supplied into the reaction furnace 31
from the group V source gas supply pipe 39.

A Ga tank 42 storing Ga (melt) 1s 1nstalled in the source
section 34 1n the reaction furnace 31 of the first group III
source gas supply pipe 40, and a reactive gas supply source
(not shown) 1s connected to an upstream side of the first
group III source gas supply pipe 40. The Ga tank 42 1is
preferably made of for example high-purity quartz. First, for
example hydrogen chloride (HCI) gas 1s supplied into the Ga
tank 42 as the reactive gas from the first group III source gas
supply pipe 40. GaCl gas which 1s a group III source gas 1s
generated by supplying the reactive gas 1nto the Ga tank 42.
Then, GaCl gas 1s supplied to the growth section 35 in the
reaction furnace 31 from the first group 111 source gas supply
pipe 40.

For example H, gas, N, gas, or a mixed gas thereol may
be supplied as a carrier gas from the first group I1I source gas
supply pipe 40 together with the group 11l source gas.

An Al tank 43 storing Al (solid) 1s 1nstalled 1n the source
section 34 1n the reaction furnace 31 of the second group 111
source gas supply pipe 41, and a reactive gas supply source
(not shown) 1s connected to an upstream side of the second
group III source gas supply pipe 41. The Al tank 43 1is
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preferably made of for example high-purity quartz. First, for
example HC] gas 1s supplied into the Al tank 43 as the
reactive gas from the second group III source gas supply
pipe 41. AICI] gas which 1s the group III source gas 1s
generated by supplying the reactive gas into the Al tank 43.
Then, AICI gas 1s supplied to the growth section 35 in the
reaction furnace 31 from the second group III source gas
supply pipe 41.

For example H, gas, N, gas, or a mixed gas thereol may
be supplied as a carrier gas from the second group III source
gas supply pipe 41 together with the group III source gas.

An exhaust pipe 44 1s connected to a downstream side of
the growth section 35 of the reaction furnace 31. The exhaust
pipe 44 1s configured to discharge the gas inside of the
reaction furnace 31 to the outside of the reaction furnace 31.

By using such an HVPE device 30, 1t 1s possible to form
the butler layer 12 and the nitride semiconductor layer 13 on
the sapphire substrate 11 by hydride vapor phase epitaxy.
Thereby, the growth rate of the nitride semiconductor can be
increased.

(2) Method for Manufacturing a Nitride Semiconductor
Template

Next, a method for manufacturing the nitride semicon-
ductor template 10 according to an embodiment of the
present mvention will be described. In this embodiment, a
case where the nitride semiconductor template 10 1s manu-
factured using for example a HVPE device 30 shown 1n FIG.
4, will be described.

(Projection Forming Step)

In the method for manufacturing the mitride semiconduc-
tor template 10 according to this embodiment, first, for
example the sapphire substrate 11 having a flat surface is
prepared. Then, uneven processing 1s applied to the sapphire
substrate 1, so that predetermined projections 14 are formed
to be arranged 1n a lattice pattern on the surface, which 1s the
growth plane, of the sapphire substrate 11 on which the
bufler layer 12 1s grown.

The projections 14 are formed by, for example photoli-
thography and dry-etching. Namely, first, a photoresist pat-
tern 1s formed on the surface of the sapphire substrate 11. As
an example, a photoresist 1s applied on an entire surface of
a mirror-polished C-plane sapphire substrate, and thereafter
pattern exposure and development are performed by photo-
lithography, to thereby form a photoresist pattern in which
columnar photoresists are arranged 1n a lattice pattern on the
surface. Next, the sapphire substrate 11 on which the above-
mentioned photoresist pattern 1s formed, 1s baked using a hot
plate to heat the photoresist. In this baking step, an extra
organic solvent in the photoresist 1s evaporated, and the
columnar photoresist changes to a hemispherical photore-
sist. Next, dry-etching 1s applied to the surface of the
sapphire substrate 11 on which the hemispherical photoresist
1s formed. As an example, the dry-etching step includes:
using a plasma etching device, installing the sapphire sub-
strate 11 1n a reaction chamber of the plasma etching device,
supplying a reactive gas containing chlorine into the reaction
chamber, utilizing reactive gas plasma generated in the
reaction chamber, to thereby apply dry-etching to the surface
of the sapphire substrate 11. By this dry-etching, conical
projections 14 are formed to be arranged in a lattice pattern
on the surface of the sapphire substrate 11. The curvature
radius or the peak width w of the projection 14 formed on
the sapphire substrate 11 can be changed by changing the
condition of photolithography and dry-etching, such as
ctching time for example.
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(Projection Peak Width Calculating Step)

When the projection forming step 1s ended, the outer
shape of the projection 14 1s measured by AFM, and the peak
width w of the projection 14 1s calculated (measured) from
the measurement result of the outer shape of the projection

14.

Namely, first, as shown in FIG. 3, using the probe 15
whose tip curvature radius 1s small, the probe 15 1s moved
along at least one projection 14. Then, the outer shape
(outline 16) of the cross-section including the peak of the
projection 14 1s measured by reading and plotting the
position information of the probe 15 at a plurality of
locations on the projection 14. It 1s preferable to use a probe
whose tip 1s sharpened by etching so as to have a curvature
radius of about 10 nm, or a probe made of a carbon nanotube
having a diameter of about 1 nm, as the probe 15. Thereby,
even when the curvature radius of the projection 14 formed
on the sapphire substrate 11 1s small, a shape of the peak
portion (t1ip) of the projection 14 can be precisely measured.

After the outer shape (outline 16) of the projection 14 1s
measured, as shown 1n FIG. 2, the height h of the projection
14 1s calculated from the measured outer shape (outline 16).
Then, two tangent lines L, and L, having a tangent point at
a position (h/2) which 1s half of the height h of the projection
14 are obtained, and intersection T, of the two tangent lines
L., and L, 1s obtained. Next, top point T, of the outline 16 of
the projection 14 1s detected, and the parallel line L; which
1s 1n contact with top point T, and 1s parallel to the surface
11a of the sapphire substrate 11 on which the projections 14
are not formed, 1s obtained. Then, the length of the base
T,T, of the triangle T,'T, T, formed by two tangent lines L,
and L, and the parallel line L,, 1s obtained. The length of this
base T, T, 1s defined as the peak width w of the projection
14.

(Substrate Loading Step)

When the projection peak width calculating step 1s ended,
the sapphire substrate 11 on which the projections 14 are
formed, 1s loaded 1nto the reaction furnace 31 and placed on
the susceptor 36.

(Bufler Layer Forming Step)
An AIN layer which 1s thicker than the peak width w of

the projection 14 calculated in the abovementioned projec-
tion peak width calculating step and having a thickness of
not less than 11 nm and not more than 400 nm, 1s grown and
formed as the bufler layer 12 on the surface of the sapphire
substrate 11 on which the projections 14 are formed. At this
time, the bufler layer 12 1s grown and formed under a growth
condition such that the thickness of the bufler layer in the
case of being formed on a flat sapphire substrate on which
the projections 14 are not formed, 1s thicker than the peak
width w of the projection 14 calculated in the abovemen-
tioned projection peak width calculating step, and 1s not less
than 11 nm and not more than 400 nm.

As a result thereol, the bufler layer 12 can be formed to
be thicker at the peak portion of the projection 14 than at
other portions, so that the bufler layer 12 can be formed on
a stable crystal plane without atomic steps. Namely, the
shape of the bufler layer 12 at the peak portion of the
projection 14 can be formed mto a shape such that the tip
surrounded by low index planes has a sharp pointed shape.
Accordingly, 1t 1s possible to suppress the generation of the
inversion domain (ID) 1n which the polanty 1s reversed 1n
the nitride semiconductor layer 13 1n the upper part of the
peak portion of the projection 14. As a result, occurrence of

the surface pits, which obstruct a device operation, on the
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surface of the nitride semiconductor template 10, that 1s, on
the surface of the nitride semiconductor layer 13, can be
suppressed.

Namely, first, the sapphire substrate 11 1s heated to a
predetermined temperature (for example, 600° C. or less, or
1000° C. or more) by the second heater 33, and the source
section 34 of the reaction furnace 31 1s heated by the first
heater 32. When the temperature of the sapphire substrate 11
reaches a predetermined temperature and the temperature of
the source section 34 of the reaction furnace 31 reaches a
predetermined temperature, supply of HCI gas as a reactive
gas 1s started into the second group III source gas supply
pipe 41, HCl gas 1s supplied into the Al tank 43, and
generation of AICI gas 1s started, while exhausting 1t from
the exhaust pipe 44. Then, AIC] gas 1s supplied into the
reaction furnace 31 from the second group III source gas
supply pipe 41. Simultaneously with supply of AICI gas nto
the reaction furnace 31, NH, gas 1s supplied into the reaction
furnace 31 as the group V source gas from the group V
source gas supply pipe 39. At this time, for example H, gas,
N, gas may be supplied as a carrier gas to the second group
III source gas supply pipe 41 and the group V source gas
supply pipe 39. Then, AICI gas as the group III source gas
and NH; gas as the group V source gas are reacted in the
growth section 35 in the reaction furnace 31, so that the AIN
layer as the bufler layer 12 having a predetermined thickness
1s grown and formed on the sapphire substrate 11. When the
thickness of the AIN layer as the bufler layer 12 reaches a
predetermined thickness, supply of AIC] gas and NH; gas
into the reaction furnace 31 1s stopped. Heating inside of the
reaction furnace 31 by the first heater 32 and the second
heater 33 i1s continued.

(Nitride Semiconductor Layer Forming Step)

When the bufler layer forming step 1s ended, a GaN layer

having a predetermined thickness (for example, not less than
4 um and not more than 50 um) 1s grown and formed as the
nitride semiconductor layer 13 on the AIN layer which 1s the
bufler layer 12.
Namely, supply of HCI gas as a reactive gas 1s started into
the first group III source gas supply pipe 40, HCl gas 1s
supplied into the Ga tank 42, and generation of GaCl gas
which 1s a group III source gas 1s started, while exhausting
it from the exhaust pipe 44. Then, GaCl gas 1s supplied nto
the reaction furnace 31 from the first group III source gas
supply pipe 40. Simultaneously with supply of GaCl gas nto
the reaction furnace 31, NH, gas which 1s the group V source
gas 1s supplied into the reaction furnace 31 from the group
V source gas supply pipe 39. At this time, for example H,
gas, N, gas may be supplied as a carrier gas to the first group
III source gas supply pipe 40 and the group V source gas
supply pipe 39. Then, GaCl gas which 1s the group 111 source
gas and NH, gas which 1s the group V source gas are reacted
in the growth section 35 1n the reaction furnace 31, so that
the GaN layer as the mitride semiconductor layer 13 having
a predetermined thickness which 1s an undoped layer to
which a dopant 1s not added (doped), 1s formed on the
sapphire substrate 11. When the thickness of the GaN layer
reaches a predetermined thickness, supply of Ga(Cl gas ito
the reaction furnace 31 1s stopped.

Simultaneously with supply of GaCl gas and supply of
NH, gas into the reaction furnace 31, for example a gas
obtained by diluting S1H,Cl, gas with nitrogen (N,) gas or
the like may be supplied from the doping gas supply pipe 38
as a doping gas. Namely, S1 may be added (doped) as an
impurity, while GaCl gas which 1s the group III source gas
and NH; gas which 1s the group V source gas are reacted 1n
the growth section 35 1n the reaction furnace 31. In this case,
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Si1-doped n-type GaN layer 1s formed as the nitride semi-
conductor layer 13. When the thickness of the n-type GaN
layer reaches a predetermined thickness, supply of GaCl gas
and supply of the doping gas into the reaction furnace 31, are
stopped.

(Purge Step)

After supply of GaCl gas into the reaction furnace 31 1s
stopped, supply of an 1nert gas such as N, gas 1s started from
at least one of the first group III source gas supply pipe 40
and the second group III source gas supply pipe 41. Thereby,
the inside of the reaction furnace 31 1s purged with N, gas
to remove a residual gas and reaction products remaining in
the reaction furnace 31. Further, the heating inside of the
reaction furnace 31 by the first heater 32 and the second
heater 33 1s stopped while supply of the mnert gas and NH,
gas 1nto the reaction furnace 31 i1s continued, and the
temperature in the reaction furnace 31 and the temperature
of the sapphire substrate 11 are lowered. Alter the tempera-
ture 1n the reaction furnace 31 1s lowered to a temperature
(for example, about 500° C.) at which the GaN layer formed
on the sapphire substrate 11 i1s not re-evaporated, supply of
NH, gas 1s stopped while supply of the inert gas into the
reaction furnace 31 1s continued. After the temperature 1n the
reaction furnace 31 i1s lowered to near a room temperature,
supply of the inert gas into the reaction furnace 31 1s
stopped.

(Substrate Unloading Step)

When the purge step 1s ended, the sapphire substrate 11 1s
detached from the susceptor 36, the sapphire substrate 11 1s
unloaded to outside of the reaction furnace 31, and the step
of manufacturing the nitride semiconductor template 10
according to this embodiment 1s ended.

(3) Light-emitting Element

Next, a light-emitting element 50 using the abovemen-
tioned mitride semiconductor template 10 will be described
mainly with reference to FIG. 5. FIG. 5 1s a schematic
cross-sectional view of the light-emitting element 50 accord-
ing to this embodiment.

As shown 1 FIG. 5, the light-emitting clement 50
includes a light-emitting part on the nitride semiconductor
template 10. Namely, the light-emitting element 50 1s
formed by growing an n-type semiconductor layer 51, a
light-emitting layer 52, and a p-type semiconductor layer 53
in this order as a light-emitting part on the nitride semicon-
ductor template 10.

For example an n-type GaN layer 1s grown and formed as
the n-type semiconductor layer 51. The n-type semiconduc-
tor layer 51 may contain predetermined n-type impurities at
a predetermined concentration. For example silicon (S1),
selentum (Se), tellurium ('Te), or the like can be used as the
n-type impurities. The thickness of the n-type semiconduc-
tor layer 51 may be, for example about not less than 0.2 um
and not more than 15 pum.

The light-emitting layer 52 may be formed of a multiple
quantum well (MQW) layer including barrier layers and
well layers. Namely, the light-emitting layer 52 may have a
multiple quantum well (MQW) structure in which for
example an InGaN layer 1s a well layer, for example a GaN
layer having a larger band gap than the well layer 1s a barrier
layer, and the well layer and the barrier layer are alternately
laminated one by one. The light-emitting layer 52 may have
a single quantum well (SQW) structure. In addition, the
light-emitting layer 52 1s preferably composed of an
undoped compound semiconductor to which impurities are
not added. The thickness of the light-emitting layer 32 may
be about several 100 nm.
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For example a p-type AlGaN layer and/or a p-type GaN
layer 1s grown and formed on the light emitting layer 52 as
the p-type semiconductor layer 53. For example the p-type
AlGaN layer and the p-type GaN layer may be grown and
formed in this order from a side of the light-emitting layer
52 as the p-type semiconductor layer 53. The p-type semi-
conductor layer 53 contains predetermined p-type impurities
at a predetermined concentration. For example magnesium
(Mg), zinc (Zn), carbon (C) or the like can be used as the
p-type impurity. The thickness of the p-type semiconductor
layer 53 1s, for example not less than 200 nm and not more
than 500 nm.

Various vapor phase growth methods can be used as the
growth method for the n-type semiconductor layer 51, the
light-emitting layer 52, and the p-type semiconductor layer
53. For example, a metal organic vapor phase epitaxy
method (a MOVPE method), a molecular beam epitaxy
method (a MBE method), and a hydride vapor phase epitaxy
method (a HVPE method) can be used. Among them, when
the MOVPE method i1s used, better crystallinity can be
obtained.

A first electrode 54 i1s provided on the surface of the
p-type semiconductor layer 53. The first electrode 54 1s
preferably formed by laminating, for example a nickel (Ni)
layer and a gold (Au) layer 1n this order from a side of the
p-type semiconductor layer 53.

An electrode pad 55 1s formed on the first electrode 54.
The electrode pad 535 1s formed to be smaller than the first
clectrode 54. The electrode pad 55 may be formed 1n
substantially the same shape as the first electrode 54. The
clectrode pad 55 1s preferably formed by laminating, for
example a titamum ('11) layer and an Au layer 1n this order
from a side of the first electrode 54. The electrode pad 35 1s
configured as, for example an electrode pad for wire bond-
ng.

An exposure region 56 for exposing the surface of the
nitride semiconductor template 10, that 1s, the nitride semi-
conductor layer 13, 1s formed in the light-emitting part. A
second electrode 57 1s provided 1n the exposure region 36.
The second electrode 57 1s preferably formed by laminating,
for example a T1 layer and an aluminum (Al) layer in this
order from a side of the n-type nitride semiconductor layer
13. The second electrode 57 1s configured as, for example an
clectrode for die bonding.

(4) Method for Manufacturing a Light-emitting Element

Next, a method for manufacturing the light-emitting ele-
ment according to this embodiment will be described.
(Light-emitting Part Forming Step)

The light-emitting part 1s grown and formed on the mitride
semiconductor template 10. Namely, first, for example an
n-type GalN layer 1s formed as the n-type semiconductor
layer 51 on the surface of the nitride semiconductor layer 13,
next an MQW layer composed of an InGaNN layer of the well
layer and a GaN layer of the barrier layer 1s formed as the
light-emitting layer 52 on the n-type semiconductor layer
51, then for example a p-type AlGaN layer and a p-type GalN
layer are formed as a p-type semiconductor layer 53 on the
light-emitting layer 52 in this order from the side of the
light-emitting layer 52, for example by the MOVPE method.
(Exposure Region Forming Step)

Next, the exposure region 56 for exposing the nitride
semiconductor template 10 (nitride semiconductor layer 13)
1s formed 1n the light-emitting part which 1s formed on the
nitride semiconductor template 10. Namely, for example, a
resist pattern 1s formed at a predetermined position on an
upper surface of the light-emitting part, that 1s, on the upper
surface of the p-type semiconductor layer 53. Subsequently,
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the p-type semiconductor layer 53, the light-emitting layer
52, and the n-type semiconductor layer 31 are partially
removed by etching (for example, RIE (Reactive Ion Etch-
ing)), using the resist pattern as a mask. The p-type semi-
conductor layer 53, the light-emitting layer 52, and the
n-type semiconductor layer 51 may be etched simultane-
ously or separately. Thereby, the exposure region 56 where
the nitride semiconductor template 10 1s exposed, 1s formed
at a predetermined position of the light-emitting part. Fur-
ther, as shown 1 FIG. 5, etching 1s also applied to a
predetermined position of the nitride semiconductor layer 13
included 1n the nitride semiconductor template 10 1n addi-
tion to the p-type semiconductor layer 53, the light-emitting,
layer 52 and the n-type semiconductor layer 31, so that a
recessed portion of a predetermined depth may be provided

in the exposure region 36.

(First Electrode Forming Step)

Next, the first electrode 54 1s formed 1n a part of the upper
surface of the p-type semiconductor layer 53. Specifically, a
resist pattern of a predetermined shape 1s formed on the
p-type semiconductor layer 53 by, for example a photoli-
thography method. Subsequently, for example N1 and Au are
deposited 1n this order by a vacuum evaporation method, a
sputtering method, or the like, and then the resist pattern 1s
removed by a lift-ofl method. As a result thereof, the first
clectrode 54 having a predetermined shape 1s formed on a
part of the upper surface of the p-type semiconductor layer
53.

Subsequently, for example T1 and Au are deposited 1n this
order on the first electrode 54 by, for example a photoli-
thography method, and a lift-ofl method using a vacuum
evaporation method, a sputtering method, or the like, to
thereby form the electrode pad 55.

(Second FElectrode Forming Step)

Next, the second electrode 57 1s formed 1n a part of the
nitride semiconductor template 10 (namely, the nitride semi-
conductor layer 13) exposed from the exposure region 56.
Specifically, a resist pattern having a predetermined shape 1s
formed on the nitride semiconductor layer 13 exposed from
the exposure region 56 by, for example a photolithography
method. Subsequently, for example T1 and Al are deposited
in this order by a vacuum evaporation method, a sputtering
method, or the like, and then the resist pattern 1s removed by
a lift-off method. Thereby, the second electrode 57 having a
predetermined shape 1s formed in a part of the nitride
semiconductor layer 13 exposed from the exposure region
56.

Thereatfter, the light-emitting element 50 according to this
embodiment 1s obtained by performing chipping or the like.
(5) Effect of this Embodiment

According to this embodiment, one or more of the fol-
lowing eflects are exhibited.

According to this embodiment, the nitride semiconductor
template 10 includes the sapphire substrate 11 formed by
arranging the conical or pyramidal projections 14 on 1its
surface 1n a lattice pattern, the bufler layer 12, and the nitride
semiconductor layer 13. The bufler layer 12 1s formed to be
thicker than the peak width w of the projection 14, and 1n a
thickness of not less than 11 nm and not more than 400 nm.
Alternatively, the builer layer 12 1s grown and formed under
the growth condition such that the thickness of the flat bufler
layer 1s thicker than the peak width w of the projection 14
and 1s less than 11 nm and not more than 400 nm. As a result
thereol, generation of ID and occurrence of the surface pits
in the nitride semiconductor layer 13 of the nitride semi-
conductor template 10 can be suppressed.
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When the butler layer 12 1s formed to be thicker than the
peak width w of the projection 14, or when the bufler layer

12 1s formed under the growth condition such that the
thickness of the flat bufler layer i1s thicker than the peak
width w of the projection 14, the bufler layer 12 1s formed
to be thicker at the peak portion of the projection 14 than at
other portions, and 1s formed as a stable crystal plane free
from atomic steps. Namely, the shape of the bufler layer 12
at the peak portion of the projection 14 1s a shape such that
a tip surrounded by low index planes has a sharp pointed
shape. Accordingly, 1t 1s possible to suppress the generation
of the mversion domain (ID) in which the polarity 1is
reversed 1n the nitride semiconductor layer 13, and suppress
the occurrence of the surface pits.

By forming the bufler layer 12 1n a thickness of not less
than 11 nm and not more than 400 nm, or by growing and
forming the bufler layer 12 under the growth condition such
that the thickness of the flat bufler layer 1s not less than 11
nm and not more than 400 nm, an eflect of suppressing
lowering of the coverage by the buller layer 12 and dete-
rioration of the crystal quality of the bufller layer 12 and
suppressing generation of 1D and occurrence of the surface
pits, can be obtained.

(Other Embodiment)

As described above, an embodiment of the present inven-
tion has been specifically described. However, the present
invention 1s not limited to the abovementioned embodiment,
and can be variously modified 1n a range not departing from
the gist of the invention.

In the abovementioned embodiment, the nitride semicon-
ductor template 10 1s formed by growing the bufler layer 12
and the nitride semiconductor layer 13 1n this order on the
sapphire substrate 11 by the HVPE method. However, the
present invention 1s not limited thereto. In addition, the
bufler layer 12 and the nitride semiconductor layer 13 may
be grown on the sapphire substrate 11 by the MOVPE
method. Thereby, the crystallinity of the butfier layer 12 and
the mitride semiconductor layer 13 can be further improved.

Examples

Next, examples of the present invention will be described.
However, the present invention 1s not limited to these
examples.

(Fabrication of a Sample)

In this example, conical projections 14 were formed to be
arranged 1n a triangular lattice pattern by photolithography
and dry-etching on the surface of mirror-polished C-plane
sapphire substrate having a thickness of 900 um and a
diameter of 100 mm (4 1inches). The shape and the size of the
projection 14 were adjusted by changing the condition of
photolithography and dry-etching. Further, various sapphire
substrates 11 having the peak width w of the projection 14
in a range of 5 nm to 870 nm were fabricated by adjusting
the peak width w of the projection 14, particularly by
changing the etchmg time for dry-etching.

Next, the bufller layer 12 made of AIN was formed using
the HVPE device 30 shown in FIG. 4 on the abovemen-
tioned sapphire substrate 11 having various peak widths w,
under the growth condition such that the thickness of the flat
bufler layer 1s 2 nm to 600 nm. The thickness of the flat
bufler layer 1s the thickness of the bufler layer formed on the
flat sapphire substrate on which the projections 14 are not
formed. Then, the nitride semiconductor layer 13 made of
GaN having a predetermined thickness (4 um) was grown on
the bufler layer 12 made of AIN, to thereby fabricate the

nitride semiconductor template 10.
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Namely, first, the sapphire substrate 11 1s placed on the
susceptor 36. Then, the rotating shaft 37 1s rotated to start the

rotation of the susceptor 36. Subsequently, the source sec-
tion 34 1n the reaction furnace 31 1s heated to about 850° C.
by the first heater 32 and the sapphire substrate 11 (the
growth section 335 in the reaction furnace 31) 1s heated to
about 1000° C. by the second heater 33 for 10 minutes, while
supplying a mixed gas of 3 sml of hydrogen (H,) gas and 7
sml of nitrogen (IN,) gas 1nto the reaction furnace 31, from
the doping gas supply pipe 38, the group V source gas
supply pipe 39, the first group Il source gas supply pipe 40,
or the second group III source gas supply pipe 41. At this
time, the pressure 1nside of the reaction furnace 31 was set
to a normal pressure (1 atm).

When the temperature of the sapphire substrate 11
reached a predetermined temperature (for example, 1000°
C.), 50 sccm of hydrogen chloride (HCI) gas was supplied
into the Al tank 43 from the second group III source gas
supply pipe 41, so that AICI gas which 1s the group 111 source
gas 1s generated. Then AIC] gas was supplied into the
reaction turnace 31. 2 slm of H, gas and 1 slm of N, gas were
flowed 1nto the second group III source gas supply pipe 41
as a carrier gas together with HCI gas. Simultaneously with
supply of AICI gas into the reaction furnace 31 from the
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second group III source gas supply pipe 41, 50 sccm of 25

ammonia (NH,) gas was supplied into the reaction furnace
31 as the group V source gas from the V group source gas
supply pipe 39. 1 slm of H, gas was flowed 1nto the group
V source gas supply pipe 39 as a carrier gas together with
NH, gas. Then, AIC] gas which 1s the group III source gas
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the group V source gas supply pipe 39. 1 slm of H, gas was
flowed into the group V source gas supply pipe 39 as a

carrier gas together with NH, gas. Then, GaCl gas which 1s
the group III source gas and NH; gas which 1s the group V
source gas were reacted in the growth section 35 1in the
reaction furnace 31, so that a GalN layer having a predeter-
mined thickness (4 um) was grown on the AIN layer, as the
nitride semiconductor layer 13. The growth time of the GaN
layer was set to 6 minutes.

Thereatter, the heating 1nside of the reaction furnace 31 by
the first heater 32 and the second heater 33 was stopped.
Then, the temperature of the sapphire substrate 11 1s lowered
to around a room temperature, while supplying 2 slm of NH,
gas and 8 slm of N, gas into the reaction furnace 31, for
example from the V group source gas supply pipe 39, to
thereby obtain various nitride semiconductor templates 10,
which were used as various samples.

Namely, various samples were fabricated by variously
changing the peak width w of the projection 14 and the
thickness of the flat bufler layer as shown in table 1.
(Evaluation of the Samples)

For these various samples, whether or not the surface pits
occur, was evaluated. Then, samples in which the number of
pits confirmed 1n an arbitrary 10 mm square region was 0,
were evaluated as “®”, and samples 1n which the number of
pits confirmed 1n an arbitrary 10 mm square region was 1 or
2, were evaluated as “O”, samples in which the number of
pits confirmed 1n an arbitrary 10 mm square region was 3 or
more, were evaluated as “X”’, and evaluation results of each
sample are shown 1n table

TABLE 1

Thickness of flat bufler laver (nm)

2
N
b—h
[—

Peak 5
width of 10
projection 45
(nm) 72
120
150
168
211
346
520
870
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and NH; gas which 1s the group V source gas were reacted
in the growth section 35 in the reaction furnace 31, so that
an AIN layer was grown on the sapphire substrate 11. The
growth time of the AIN layer was set to 1 second to 300

seconds. Thereby, the bufler layer 12 made of AIN having
various thicknesses was grown and formed on the sapphire
substrate 11, under the growth condition such that the
thickness of the flat bufler layer was 2 nm to 600 nm.
Next, the nitride semiconductor layer 13 made of GaN
was grown and formed on the AIN layer as the bufler layer
12. 50 sccm of HCI1 gas was supplied into the Ga tank 42
from the first group III source gas supply pipe 40, so that
GaCl gas which 1s the group Ill source gas 1s generated.
Then, GaCl gas was supplied into the reaction furnace 31. 2
slm of H, gas and 1 slm of N, gas were tlowed 1nto the first
group 111 source gas supply pipe 40 as a carrier gas together
with HCI gas. Stmultaneously with supply of GaCl gas into
the reaction furnace 31 from the first group III source gas
supply pipe 40, 2 slm of ammonia (NH;) gas was supplied
into the reaction furnace 31 as the group V source gas from
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It was confirmed from table 1, that occurrence of the
surface pits 1s suppressed in the nitride semiconductor
template 10 which 1s the sample on which the bufler layer 12
1s grown and formed on the sapphire substrate 11 on which

the projections 14 are formed, under the growth condition
such that the thickness of the flat bufler layer formed on the
flat substrate 1s thicker than the peak width w of the
projection 14 and 1s not less than 11 nm and not more than
400 nm.

Further, the light-emitting part was formed on the nitride
semiconductor template 10 corresponding to various
samples fabricated as described above, to thereby fabricate
various LEDs. Then, a current of 20 mA was applied to the
various LEDs, and light emission outputs of the LEDs were
measured and evaluated. As a result, it was found that the
light emission output of the LED fabricated using the nitride
semiconductor template 1n which occurrence of surface pits
1s suppressed, that 1s, a mitride semiconductor template
whose evaluation in table 1 was “®” or “O”, was about the
same as the light emission output of the LED formed by the
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MOVPE method. Namely, it was confirmed that even 1n a
case of the LED fabricated using the nitride semiconductor
template 10 by growing and forming the bufler layer 12 and
the nitride semiconductor layer 13 on the sapphire substrate
11 by the HVPE method, the light emission output about the
same as that of the LED fabricated by the MOVPE method
could be obtamned. The LED fabricated by the MOVPE
method 1s the LED fabricated by continuously forming the
light-emitting part on the nitride semiconductor template 10
alter the nitride semiconductor template 10 1s fabricated by
growing and forming the bufler layer 12 and the nitride
semiconductor layer 13 on the sapphire substrate 11 by the
MOVPE method. In contrast, the light emission output of
the LED fabricated using the nitride semiconductor template
in which the surface pits occurred, that is, the mnitride
semiconductor template whose evaluation i table 1 was

“X”, was less than half of the light emission output of the
LED fabricated by the MOVPE method.

Further, for each of the various LEDs fabricated using the
nitride semiconductor template 10 fabricated by the HVPE
method and the LED fabricated by the MOVPE method, a
reduction rate of the light emission output was calculated
and evaluated. Namely, a current of 60 mA 1s applied to the
vartous LEDs, and the LED {fabricated by the MOVPE
method respectively, and the light emission output at a start
ol energization and the light emission output after energi-
zation for 1000 hours were measured, and the reduction rate
of the light emission output after energization for 1000 hours
was calculated. As a result, it was confirmed that the
reduction rate of the light emission output of the LEDs
tabricated using the nitride semiconductor template 10
whose evaluation in table 1 was “O”’, was about 10%, which
was about the same as the reduction rate of the light
emission output of the LED fabricated by the MOVPE
method. It was also confirmed that the reduction rate of the
light emission output of the LEDs {fabricated using the
nitride semiconductor template 10 whose evaluation in table
1 was “®”, was 5% or less, which was lower than the

reduction rate of the light emission output of the LED
tabricated by the MOVPE method.

DESCRIPTION OF SIGNS AND NUMERALS

10 Nitride semiconductor template
11 Sapphire substrate
11a Surface of the sapphire substrate
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13 Nitride semiconductor layer
14 Projection
w Peak width of the projection
The mvention claimed 1s:
1. A method for manufacturing a nitride semiconductor
template, comprising the steps of:
growing and forming a bufler layer to be thicker than a
peak width of a projection and 1n a thickness of not less
than 11 nm and not more than 400 nm on a sapphire
substrate formed by arranging conical or pyramidal
projections on 1ts surface 1n a lattice pattern; and

growing and forming a nitride semiconductor layer on the
bufler layer.

2. The method for manufacturing a nitride semiconductor
template according to claim 1, wherein 1n the step of
growing and forming the bufler layer a GaN layer or an AIN
layer 1s grown as the bufler layer at a temperature of 600° C.
or less.

3. The method for manufacturing a nitride semiconductor
template according to claim 1, wherein 1n the step of
growing and forming the buitler layer an AIN layer 1s grown
as the bufler layer at a temperature of 1000° C. or more.

4. The method for manufacturing a nitride semiconductor
template according to claim 1, wherein 1 the step of
growing and forming the nitride semiconductor layer, any
one of a GaN layer, an AlGaN layer, and an InAlGaN layer
1s grown and formed as the nitride semiconductor layer.

5. The method for manufacturing a nitride semiconductor
template according to claim 1, wherein the bufler layer and
the mitride semiconductor layer are grown by a HVPE
method or a MOVPE method.

6. The method for manufacturing a nitride semiconductor
template according to claim 1, wherein 1 the step of
growing and forming the builer layer, the sapphire substrate
having the peak width of the projection of not less than 10
nm and not more than 346 1s used.

7. The method for manufacturing a nitride semiconductor
template according to claim 1, wherein 1 the step of
growing and forming the bufler layer, the bufler layer to be
thicker than the peak width of the projection and 1n a
thickness of not less than 65 nm and not more than 400 nm,
1S Zrown.

8. The method for manufacturing a nitride semiconductor
template according to claim 1, wherein m the step of
growing and forming the bufler layer, the peak width of the
projection 1s not less than 45 nm and not more than 150 nm,

and the bufler layer to be thicker than the peak width of the

projection and 1n a thickness of not less than 125 nm and not
more than 300 nm, 1s grown.
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